I N A PREVIOUS COMMUNICATION (I),
the weak base trimethylamine oxide (this will also be referred to as the Oxide and/or TMAO) was reported to be a regular constituent of dogfish plasma. Further, the constancy of the plasma TMAO level under both normal and adverse conditions indicated that a physiological mechanism was responsible for this control. One aspect of this physiological regulation is the almost total reabsorption of the filtered Oxide by the dogfish renal tubule (I). This accounts for Hoppe-Seyler's (2) earlier observation that the Oxide urine:plasma (U/P) ratio was o. I or below. We have considered it important to characterize further the renal economy for TMAO in the spiny dogfish. Some aspects of the mechanism of the renal tubular reab$orption of the endogenous Oxide have been uncovered by the administration of a group of homologous aliphatic amines. In the course of these studies we have gained some insight into the mechanism by which these amines may gain entrance into the tubular urine. Also, additional evidence for the physiological regulation of the TMAO plasma concentration has been found.
METHODS
The collection and care of the dogfish and the experimental techniques used were exactly as described previously (I), It should be noted that all plasma TMAO concentrations are endogenous levels. For the constant infusion experiments the fish were brought to the laboratory and placed in a large box (48 x 24 x 30 in.) through which fresh, aerated sea water was constantly circulated. to a small-animal infusion machine7 (3). The catheter was secured at several points to the skin and then extended back to the tail. From this point the catheter was passed through a freely swinging pulley over the water tank. In this way the fish could swim about the tank while being infused. These subjects were handled as were the others for collecting samples (I). The calculations used. for determining the net reabsorbed quantities of urea were the same as described for TMAO (I). In the case of the amines where net secretion occurs, the excreted amount is greater than the amount filtered.
Thus the total amine excretion minus the amount filtered is equal to the net tubular secretion of amrne.
The method for determining TMAO in dogfish urine and plasma has been described previously (I). Inulin was determined in urine and plasma by the acid resorcinol technique of Schreiner (4). Urea determinations in plasma and urine were done by the microdiffusion of ammonia after hydrolysis with urease (Hynson, Westcott and Dunning Urease tablets) (5) . As noted in the previous communication (I), the endogenous volatile amine in dogfish urine has not been identified and, therefore, will be referred to as the Free Amine.
In those experiments in which trimethylamine (TMA), dimethylamine (DMA) and monomethylamine (MMA) were administered, the volatile amine excretion is also referred to as 'Free Amine' since the microdiffusion technique, as used, does not permit differentiation of the amines. In mammals it has been shown that when TMA-HCl is given either by mouth or parenterally, it is excreted almost quantitatively in the urine as the Oxide (6, 7). We have found no data indicating the plasma concentrations of Oxide obtained in mammals following TMA-WC1 administration.
Therefore a group of experiments were performed in which TMA-HCl (Eastman $4 265), at pH 7, was given to dogfish by mouth (intubation of stomach) or parenterally.
Some fish were given the base by both routes.
The TMA-HCl in doses of IO mmoles/kg was well tolerated by the dogfish. Those subjects not returned to the sea promptly after an experiment frequently survived in the live car for 4 days or more.
The striking effect of the TMA-HCl on the net reabsorption and excretion of the Oxide may be seen in figure I . Here are shown two experiments:
on the left (dogfzsh 35) is a control experiment in which the filtered loads and urinary excretion of TMAO were determined in three consecutive periods; on the right (d@~h 45) is an experiment in which the same observations were made. However, in this second experiment immediately after the single control observation, a total dose of IO mmoles/kg of TMA-HCl was given intramuscularly and by mouth.
The experiment with dogJish 35 on the left reflects the constancy of the almost complete reabsorption of Oxide. On the right, (Qfzsh 45), the control period again shows the relatively small excretion of the Oxide. In sharp contrast, following the injection of TMA-HCl, is the marked increase in TMAO excretion to between IOO-200 pmoles/hr., an excretory rate never seen during any control observation.
Significantly, this rise in the rate of TMAO excretion is associated with a rise in neither the filtered load nor the plasma concentration of the Oxide. Instead, in this latter experiment, a fall in filtered load occurred, due primarily to a fall in GFR from 3.3 ml/k in the control period to 7.1 and 6.8 ml/hr. during the two experimental periods. These observations indicated that the increased excretion of the Oxide was not the result of a rise in filtered load as had been anticipated but was instead due to some effect of the TMA-HCl on the net reabsorption of the Oxide.
Efects of trimethylamine on net reabsor@ion of TMAO and on excretion of Free Amine. The mechanisms' by which In the absence of such evidence, some support for the hypothesis for net renal production might be found if the urinary excretion of TMAO could be raised above the filtered load, thus showing a change from net reabsorption to net secretion. This type of evidence is certainly not conclusive, since several substances are known to change from net reabsorption to net secretion without necessarily implicating metabolic production by the kidney (8) (9) (10) .
On the other hand, if inhibition of reabsorption were the cause of the increase in Oxide excretion, the maximum excretion of TMAO possible would be equal to the filtered load. To obtain evidence for either possibility, the experimental approach would be the same: to give increasing amounts of TMA-HCl and observe the changes in the rate of excretion of TMAO. It was important first to determine the mechanism of excretion of the Free Amine after TMA-HCl administration to evaluate better its effect on Oxide reabsorption. This could only be done if a constant plasma level of Free Amine were maintained. study of phenol red excretion. Therefore these data indicate that virtually all the TMA in the plasma presented to the kidney must have entered the tubular urine during a single passage through the renal vascular bed. Thus, the excretion of Free Amine appears to be limited by the rate of renal blood flow at these low plasma levels.
Whether the Free Amine enters the tubular urine by an active mechanism or by diffusion of the free base due to the pH gradient between the acid tubular urine and alkaline plasma cannot be determined definitely from these data. Either type of excretion would fit these limited data. However, if one assumes plasma and urinary pH's of 7.4 and 5.9, respectively, using g*8;1 as the pKa for TMA, the Free Amine U/P ratios reported in Effect of other alz$hatic amines on TMAO reabsorphn. In
The second experiment ( fig. (3) shows the further increase in TMAO excretion iifhich occurs when the maintenance dose of TMA-HCl is increased from 0.75 mmole/kg/hr.
to I mmole/kg/hr. In each of the two periods after a maintenance dose of TMA-HCl is given, the rate of Oxide excretion is very close to the filtered load of Oxide. The ratios of the TMAO U/P:inulin U/P in these latter two periods are 0.91 and I .05, rcpectivcly.
The rise in this ratio above unitv to r.o5 is , an iffort to determine the role of steric factors in blocking Oxide reabsorption, the homologous secondary and primary aliphatic amines, DMA and MMA, were administered to dogfish. The experiments were similar in design to those reported above, including the priming andLmaintenance dosage of the amincs. figure 6A are the clearance ratio changes seen during the diuresis due to TMA-HCl in doghh 31-7 (see fig. 2 ). The profound rise in CTMAO: Cr, in contrast to the smaller rise in C, rea : Cr, points to the specificity of TMA in blocking the Oxide reabsorption.
In contrast are the changes in these same clearance ratios observed during the diuresis due to Benzedrine, shown in figure 6B . Here, CUrea: Gin rises above that observed in figure 6A during the height of the diuresis. On the other hand, CTMAO: C In changes relatively little, further demonstrating the marked avidity with which TMAO' is reabsorbed from the tubular urine in spite of the rapid urine flow. Urea excretion, on the other hand, changes similarly during diuresis due to either agent.
Effect of other substances on excretion of TMAO. In the . course of this study several substances have been administered to the dogfish in an attempt to change net tubular transport of the Oxide. These were : Phlorizin (IO mg/kg iv.); glucose (I .o gm/kg i.v.); NazHPOd (600 mg i.v.); NH&l (I o mmoles/kg i.v.); cyanine dye 863 (I mg/kg iv.); tetraethylammonium bromide (3 mg/kg i.m.).8 All have resulted in no change in the net reabsorption of the Oxide. It has previously been shown that in doses which depress the tubular excretion of TMAO by the goosefish, tetraethylammonium bromide has no effect on Oxide excretion by the dogfish (15 
